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A s we enter the Anthropocene, a proposed geological epoch shaped by human activity, mankind is driving a global biodiversity extinction crisis 1 . The conversion of forest to agricultural land is widely considered to be the leading cause of this crisis, especially in the hyperdiverse tropics 2 , so avoiding deforestation is the predominant strategy for biodiversity conservation 3 . On page 144, Barlow et al. 4 present a landmark field study of Amazonian bio diversity in which they challenge the adequacy of this strategy by demonstrating the striking magnitude of several types of humanassociated forest disturbance that are less immediately visible than deforestation.
Many studies have identified the negative effects on biodiversity of individual kinds of disturbance in tropical forests. These include the hunting of large animals 5 , the selective logging of large, marketable trees 6 , forest fires 7 and the creation of new edges to primary forests (those forests that have never been fully cleared) that, owing to deforestation, are buffeted by the hotter, drier and windier conditions found on adjacent farmland 8 ( Fig. 1) . However, by focusing on only one form of disturbance, such studies may have overlooked much greater conservation losses from the combined effects of forest disturbances.
Barlow and colleagues conducted biodiversity censuses across multiple landscapes and then developed a computational method for evaluating conservation losses (termed the 'conservation value deficit' , a numerical value calculated by assessing biodiversity in disturbed primary forests relative to undisturbed ones). This enabled the authors to quantify the direct negative effects of deforestation and those resulting from the plethora of other types of forest disturbance.
The authors assembled an impressive data set collected across a large region of the Brazilian Amazon. They sampled 36 catchments (each 32-61 square kilometres in size) containing small rivers, spanning Belém and Tapajós, two major regions of endemism -areas that contain species that are found nowhere else. Each sample catchment varied in the degree of disturbance: 5 were entirely deforested, whereas the other 31 contained varying amounts of remnant forest, including undisturbed primary forests, and primary forests that had been disturbed by hunting, selective logging or fires, or isolated by surrounding farmland. Sampling the bio diversity across each catchment, Barlow and colleagues encountered a breathtaking total of 1,538 plant species, 460 bird species and 156 dung beetle species.
Their findings make for uncomfortable reading. Even catchments that retained 80% of their forest cover -the maximum that can be required of Amazonian estates under Brazil's Forest Code legislation -lost between 39% and 54% of their conservation value, and about half of this loss is due to disturbance within the remaining forest areas, rather than the losses from conversion to farmland. By extrapolating these disturbance-driven losses across the state of Pará, which represents 25% of the entire Brazilian Amazon, the authors found that conservation losses from disturbance are equivalent to the losses that would result from deforesting 92,000-139,000 km 2 of primary forest -an area roughly equivalent to the size of Greece.
They also found that species with higher conservation importance were more negatively affected by forest disturbance. Bird species that were restricted to small regions (with small global range sizes) fared worse than those with larger distributions, suggesting that forest disturbance is homogenizing biodiversity across regions 9 . Tree species with high wood density declined more than those with softer wood, 4 report that the combined effects of various human-driven disturbances in the forests of the Brazilian Amazon can cause biodiversity losses on a scale similar to, or greater than, those caused by deforestation alone. Conversion to farmland can result in biodiversity loss and make forests more vulnerable to edge effects, such as the hot and windy conditions that can drive forest fires, which often ignite from farmland fires. Within the remaining rainforest, biodiversity can be affected by bushmeat hunting or selective logging.
degrading the ability of disturbed forests to store carbon, thereby driving climate change 10 . Barlow and colleagues' study has three limitations worthy of comment, each of which probably means that their assessment of biodiversity loss from disturbance is conservative. First, the extensive human activity in the study regions means that many of their undisturbed forest plots could have suffered from low-level or historical disturbances that were not detected. Although the authors attempted to correct for this potential bias in their analytical approach, if they had sampled truly remote and undisturbed forests instead, densities of the most sensitive species would probably have been higher, and the conservation value deficit would thus have been even more severe in disturbed forests.
Second, the authors' results from two areas with species endemism were extrapolated to a quarter of the Brazilian Amazon, which spans an additional three unstudied areas of endemism. Their analysis therefore fails to fully capture the species differences between regions 9 . Small-ranged species will probably be more negatively affected than those with larger distributions.
Finally, mammals were not studied, yet they have crucial roles in maintaining healthy ecosystems 10 . Mammals would be expected to suffer at least as profoundly as the sampled taxa, owing to the severity of hunting in accessible forests located among farmlands or near roads 11 . More generally, whether findings from the Brazilian Amazon can be extrapolated to other tropical regions is unknown. Barlow et al. have given scientists the impetus and methodological tools to make such assessments, making similar studies a research frontier elsewhere in the tropics.
This research challenges the governance of tropical forests, and hence the protection of the myriad conservation and ecosystem benefits they provide, which sustain some of the most biodiverse ecosystems on the planet and the livelihoods of millions of people. As the authors acknowledge, avoiding deforestation must remain a key tenet of conservation strategies 3 . However, their results underscore the need for a stepchange in forest governance, with much greater emphasis on the ecological health of retained forest 1 . In particular, Barlow and colleagues have shown that policies, such as Brazil's Forest Code, that set targets for forest cover without also setting requirements for forest quality are insufficient to prevent substantial conservation losses, and are a slippery slope to greatly impoverished ecosystems 10 .
To remedy this, agricultural landscapes must be better designed to promote the protection of larger and less-isolated forest blocks. More-stringent regulation and enforcement are needed, both of fire use in agriculture (which frequently spills into forests) and of selective logging -together with clear economic benefits for more sustainably managed agriculture and sustainable logging 6 . These all require coordination between landowners, policymakers and conservationists across entire landscapes and regions.
In many tropical forest regions, disturbed primary forests that have seen big biodiversity losses are especially valuable for conservation, because large undisturbed forests are rare or completely lacking. Within such regions, these results underscore the necessity of assisting the recovery of disturbed forests or of taking unproductive farmland out of use to restore forest coverage and connectivity. Although the biodiversity extinction crisis could be even worse than currently recognized, by embracing better management strategies, the solutions are still within our grasp. ■ 
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T H O M A S E U L E R & TO M B A D E N
S
eeing whether and where an object moves is crucial for the survival of any visually oriented animal, whether predator or prey. Consequently, motion and its direction are computed at many levels along the vertebrate visual pathway, starting in the retina. One key element of direction-selective retinal neuronal circuits is the starburst amacrine cell (SAC). On page 105, Ding et al. 1 unpick the mechanisms that mediate SAC direction selectivity in the mouse retina.
Structures called dendrites project radially from the body of the SAC to give the cell its characteristic shape, which resembles an exploding star. The dendrites receive excitatory inputs from the retina's light-sensing photo receptor cells via bipolar cells, and in turn make inhibitory synaptic connections to neurons called direction-selective ganglion cells (DSGCs) and other SACs. Different types of DSGC are each robustly tuned to movement in a particular (preferred) direction.
The work of numerous labs over past decades has indicated that the inhibitory signals sent by SACs to DSGCs contain information about movement direction. However, an SAC as a whole is not selective for one particular direction; instead, each dendrite is tuned to the direction of movement that is aligned with the direction from the cell body to the dendritic tip 2 . In addition, SAC dendrites tuned to a particular direction make more synaptic connections with DSGCs that prefer the opposite direction than with those of the same preference, providing DSGCs with information that defines their tuning 3 . Although this general layout is broadly accepted, the mechanism that renders SAC synaptic outputs direction-selective is still intensely debated. In mammals, several (not necessarily mutually exclusive) mechanisms have been proposed. Some rely on properties of the dendrites -for instance, the spatial arrangement of channel proteins in the membrane or of a chloride gradient along the dendrite. Others invoke network interactions such as reciprocal inhibition between SACs or a particular spatial arrangement of bipolar-cell inputs that signal to the neuron with different timings (reviewed in refs 4 and 5). But the relative contribution of each mechanism is unclear.
COMPUTATIONAL NEUROSCIENCE
Species-specific motion detectors
A range of neuronal mechanisms can enable animals to detect the direction of visual motion. Computational models now indicate that a factor as simple as eye size might explain some of this diversity. See Article p.105
The authors' results underscore the need for a step-change in forest governance.
